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METHOD OF FORMING A FILM ON A
SUBSTRATE

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a film-forming apparatus
and a film-forming method which form a color filter, orien-
tation {ilm, or another such specific film with substantially a
uniform thickness on a substrate.

2. Background Information

When a substrate 1s to be coated with a material (film-
forming material) for forming a color filter or an orientation
film or other film, the substrate surface 1s generally subjected
to a certain treatment (surface-improving treatment such as
lyophilic treatment) 1n order to improve the wet-spreading
(wettability, lyophilicity) of the film-forming material on the
surface of the substrate. Such treatment improves the wetta-
bility of the substrate and makes 1t possible, for example, for
an orientation {ilm for a liquid crystal display device to be
stably formed with a uniform thickness on the substrate.

It 1s known that when the substrate surface 1s subjected to
a specific treatment such as the one described above to
improve the wettability of the substrate, the substrate has
suificient wettability immediately after the treatment 1s per-
tformed. However, the wettability deteriorates over time. If,
for example, an accident occurs in the production line, 1t may
take longer time than it would ordinarily for the substrate that
has been subjected to the treatment to be conveyed to the
apparatus where the film-forming material 1s applied.

When 1t takes longer time for the substrate to be conveyed
than 1s ordinarily required, the substrate may be coated with a
film-forming material without sufficient wettability on the
surface of the substrate. In such cases, for example, display
defects 1n the liquid crystal display device may result. How-
ever, there has been no control over the time 1t takes for the
substrate that has been subjected to the treatment to reach the
apparatus where the film-forming matenal 1s applied.
Accordingly, 1t has been impossible to determine whether the
substrate has suflicient wettability.

Inkjet droplet ejection apparatuses are often used to form
an orientation film or another film to curtail the consumption
of film-forming material and to reduce the number of manu-
facturing steps in the film-forming process. When a film 1s
tformed using an inkjet droplet ejection apparatus, the wetta-
bility of the substrate has a greater effect on the thickness of
the resulting film than when the film 1s formed by dispensing,
or spin coating, for example. Specifically, 1t the substrate does
not have sufficient wettability, it 1s difficult to form a uniform
f1lm.

In view of the above, 1t will be apparent to those skilled in
the art from this disclosure that there exists a need for
improved film forming apparatus and film forming method
that overcome the problem of the conventional art. This
invention addresses this need 1n the art as well as other needs,
which will become apparent to those skilled 1n the art from
this disclosure.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a film-
forming apparatus and a film-forming method which allow a
f1lm with a substantially uniform thickness to be formed on a
substrate.

The present invention provides a film-forming apparatus
for forming a film on a substrate, the apparatus having a
surface-improving treatment device configured to perform a
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surface-improving treatment on the substrate, a film-forming,
solution applicator configured to apply a film-forming solu-
tion for forming the film to the substrate that has been sub-
jected to the surface-improving treatment by the surface-
improving treatment device, and a time controller configured
to obtain a time period since the time the surface-improving
treatment 1s conducted by the surface-improving treatment
device on the substrate.

Also, 1n the film-forming apparatus according to another
aspect of the present invention, the surface-improving treat-
ment device configured to perform a lyophilic treatment to the
substrate.

The present film-forming apparatus monitors the time

since the surface-improving treatment of the substrate. Spe-
cifically, 1t 1s known that the wettability of a substrate sub-
jected to surface-improving treatment, for example, lyophilic
treatment, decreases over time, and therefore a substrate hav-
ing appropriate wettability can be coated with a film-forming
solution by controlling the period of time that elapses since
the time when the substrate leaves the surface-improving
treatment device. Therelfore, a film having a uniform thick-
ness can be formed by applying a film-forming solution to a
substrate having an appropriate wettability.
Also, 1n the film-forming apparatus according to still
another aspect of the present invention, the time controller
stores an allowable film forming treatment time criterion, and
the time controller 1s configured to prevent the film-forming
solution from being applied to the substrate if the measured
time period of the substrate does not satisty the allowable film
forming treatment time criterion.

With this film-forming apparatus, a substrate for which the
predetermined amount of time (allowable film forming treat-
ment time) has passed after the surface-improving treatment
can be prevented from being subjected to application of the
film-forming solution. Specifically, 1t 1s possible to prevent
the film-forming solution from being applied to a substrate
tor which the predetermined amount of time has passed after
the surface-improving treatment and whose wettability has
decreased. Therefore, the film-forming solution can be
applied solely to a substrate having suificient wettability, and
a film with a uniform thickness can be formed with high
precision.

Also, 1 the film-forming apparatus according to still
another aspect of the present invention, the allowable film
forming treatment time criterion includes a condition of not
being longer than a predetermined period of time, and the
time controller 1s configured to prevent the film-forming solu-
tion from being applied to the substrate 1f the obtained time
period of the substrate exceeds the period of time indicated by
the allowable film forming treatment time criterion.

Also, the film-forming apparatus according to still another
aspect of the present invention further includes a first con-
veyor configured to convey the substrate from the surface-
improving treatment device to the film-forming solution
applicator via the time controller; and a second conveyor
configured to convey the substrate from the time controller to
the surface-improving treatment device, the second conveyor
being configured to be driven to convey the substrate thereon
if the obtained time period of the substrate does not satisiy the
allowable film forming treatment time criterion.

Also, 1n the film-forming apparatus according to the sixth
aspect of the present invention, the allowable film forming
treatment time criterion 1s determined based on likeliness of
occurrence of streaking with the surface-improving treatment
performed by the surface-improving treatment device.

Also, 1n the film-forming apparatus according to still
another aspect ol the present invention, the film-forming solu-
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tion applicator 1s an 1nkjet droplet ejection apparatus that 1s
configured to eject the film-forming solution onto the sub-
strate.

With this film-forming apparatus, a film-forming solution
1s applied to a substrate by an inkjet droplet ejection appara-
tus. Specifically, since the film-forming solution 1s applied
only to a substrate having suificient wettability, a film with a
substantially unmiform thickness can be formed with high pre-
cision when the substrate 1s coated with a film-forming solu-
tion using an inkjet droplet ejection apparatus. Therefore, the
use of an inkjet droplet ejection apparatus makes 1t possible to
apply an appropriate amount of the film-forming solution to
an appropriate position, to reduce the amount of film-forming
solution used, and to lower costs of manufacturing a liquid
crystal display device, for example.

The present invention provides a film-forming method of
forming a film on a substrate, including a surface-improving
treatment step for performing a surface-improving treatment
on the substrate, a determination step for determining
whether a predetermined amount of time has passed since the
surface-improving treatment has been performed on the sub-
strate 1n the surface-improving treatment step, and a film-
forming solution application step for applying a film-forming
solution to the substrate when it 1s determined 1n the deter-
mination step that the predetermined amount of time has not
passed.

Also, 1n the film-forming method according to still another
aspect of the present invention, the surface-improving treat-
ment step includes a step 1n which the substrate 1s subjected to
lyophilic treatment.

In this film-forming method, 1t 1s determined whether a
predetermined amount of time has passed since the surface-
improving treatment has been conducted, and the substrate 1s
conveyed to the film-forming solution applicator and coated
with a film-forming solution when the specific amount of
time has not passed. Therefore, a film with a substantially
uniform thickness can be formed with high precision because
the film-forming solution can be applied to the substrate
within the predetermined amount of time after the lyophilic
treatment, that 1s, to a substrate having sufficient wettability.

Also, the film-forming method according to still another
aspect of the present invention further includes a rejection
step for preventing the substrate from being conveyed to a
film-forming solution applicator when 1t 1s determined 1n the
determination step that the predetermined amount of time has
passed.

In this film-forming method, a substrate for which a spe-
cific amount of time has passed following the surface-im-
proving treatment 1s prevented from being conveyed to the
film-forming solution applicator. Therefore, a substrate that
does not have suificient wettability can be prevented from
being coated with the film-forming solution, and a non-uni-
form film can be appropriately prevented from being formed.

Also, 1n the film-forming method according to still another
aspect ol the present invention, the film-forming solution 1s
applied to the substrate 1n the film-forming solution applying
step with an 1nkjet droplet ejection apparatus.

According to this film-forming method, an inkjet droplet
¢jection apparatus 1s used as the film-forming solution appli-
cator. Specifically, the substrate must have the appropriate
wettability when coated with a film-forming solution using an
inkjet droplet ejection apparatus, and only a substrate having
suificient wettability 1s conveyed 1n this film-forming
method. Therefore, a film with a substantially uniform thick-
ness can be formed with high precision by using an inkjet
droplet ejection apparatus, and 1t 1s possible to efficiently
reduce the amount of film-forming solution used.
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Also, the film-forming method according to still another
aspect of the present invention further includes a first convey-
ing step for conveying the substrate from a surface-improving
treatment device to a film-forming solution applicator, and a
second conveying step for conveying the substrate to the
surface-improving treatment device after the substrate 1s pre-
vented from being conveyed to the film-forming solution
applicator 1n the rejection step.

Also, the film-forming method according to still another
aspect of the present invention further includes a timer start-
ing step for, before the first conveying step, starting a timer for
the substrate that has been subjected to the surface-improving
treatment 1n the surface-improving treatment step, and a time
period determination step for, after the first conveying step,
obtaining a time period since the time the timer 1s started 1n
the timer starting step. In the determination step, the time
period obtained in the time period determination step 1s com-
pared with the predetermined amount of time.

These and other objects, features, aspects and advantages
ol the present invention will become apparent to those skilled
in the art from the following detailed description, which,
taken 1n conjunction with the annexed drawings, discloses a
preferred embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 1s a schematic diagram showing the film-forming
line 1n accordance with an embodiment;

FIG. 2 1s a schematic view of an inkjet droplet discharge
apparatus according to the embodiment;

FIG. 3 1s a graph describing the allowable film-forming
treatment time in the embodiment; and

FIG. 4 1s a flow chart of the film-forming steps 1n accor-
dance with the embodiment.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

Selected embodiments of the present invention will now be
explained with reference to the drawings. It will be apparent
to those skilled 1n the art from this disclosure that the follow-
ing descriptions of the embodiments of the present invention
are provided for 1llustration only and not for the purpose of
limiting the mvention as defined by the appended claims and
their equivalents.

The film-forming apparatus according to an embodiment
of the present invention will now be described with reference
to the appended figures. FIG. 1 1s a diagram showing an
example of the film-forming apparatus (film-forming line)
according to the embodiment of the present invention.

As shown 1n FIG. 1, a film-forming line 2 1s configured
from a surface-improving treatment device 4, a film-forming
solution applicator 6, a dryer 8, a belt conveyor BC1 connect-
ing these devices, a time controller 14, a belt conveyor BC2
connecting the time controller 14 and the surface-improving
treatment device 4, a drive apparatus 12 for driving the belt
conveyor BC1 and the belt conveyor BC2, and a control
apparatus 10 for controlling the entire film-forming line 2.
Also, the surface-improving treatment device 4, the film-
forming solution applicator 6, and the dryer 8 are disposed 1n
alignment at specific intervals along the belt conveyor BC1,
and the time controller 14 1s disposed near the film-forming
solution applicator 6 between the surface-improving treat-
ment device 4 and the film-forming solution applicator 6.
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The control apparatus 10 1s operatively connected to the
surface-improving treatment device 4, the film-forming solu-
tion applicator 6, the dryer 8, the drive apparatus 12, and the
time controller 14. The control apparatus 10 includes a micro-
computer with a control program to selectively send control
signals and/or receive data from any of the devices connected
thereto. The drive apparatus 12 drives the belt conveyor BC1
in response to a control signal from the control apparatus 10,
and conveys the substrate to be treated to the surface-improv-
ing treatment device 4, the time controller 14, the film-form-
ing solution applicator 6, and the dryer 8.

A surface-improving treatment such as a lyophilic treat-
ment 1s performed in the surface-improving treatment device
4 for improving the wet expansion of the film-forming solu-
tion on the substrate surface. The surface-improving treat-
ment device 4 may perform surface-improving treatments
other than the lyophilic treatment. Since such surface-im-
proving treatments are well known 1n the art, detailed expla-
nations herein will be omitted.

The film-forming solution applicator 6 coats the substrate
with a film-forming material (film-forming solution) for
forming a predetermined film, and the dryer 8 dries the film-
forming solution thus applied. An inkjet droplet ejection
apparatus 1s used as the film-forming solution applicator 6 1n
the film-forming line 2.

The substrate conveyed from the surface-improving treat-
ment device 4 by the belt conveyor BC1 1s subjected to a
process by the time controller 14 that determines whether a
predetermined amount of time has passed since the surface-
improving treatment has been conducted. When there 1s a
substrate for which a predetermined amount of time has
passed aifter the surface-improving treatment in the surface-
improving treatment device 4, such substrate 1s conveyed
back from the time controller 14 to the surface-improving,
treatment device 4 by the belt conveyor BC2, with the belt
conveyor BC2 being driven by the drive apparatus 12 1n
response to a control signal from the control apparatus 10.
When there 1s a substrate for which the predetermined
amount of time has not passed after the surface-improving
treatment, the belt conveyor BC1 1s driven by the drive appa-
ratus 12 1n response a control signal from the control appa-
ratus 10, and the substrate 1s conveyed from the time control-
ler 14 to the film-forming solution applicator 6 by the belt
conveyor BC1. In the film-forming line 2, the substrate sub-
jected to the surface-improving treatment 1n the surface-1m-
proving treatment device 4 1s stored 1n a cassette 20 that has a
timer (not shown), and 1s conveyed to the time controller 14
by the belt conveyor BC1.

FIG. 2 1s a schematic diagram showing an inkjet droplet
ejection apparatus used as the film-forming solution applica-
tor 6 according to the embodiment of the present mvention.
The film-forming solution applicator (droplet discharge
apparatus) 6 includes an inkjet head 22 for discharging a
discharge material onto a substrate P. This inkjet head 22
includes a head main body 24 and a nozzle surface 26 on
which a plurality of nozzles from which the discharge mate-
rial 1s to be discharged 1s formed. The discharge material, that
1s, the film-forming solution of the film-forming material 1n
droplet form, 1s discharged from the nozzles of the nozzle
surface 26. Also, the film-forming solution applicator 6
includes a table 28 on which the substrate P 1s to be mounted.
The table 28 1s configured to be capable of moving in prede-
termined directions; for example, the X-axis direction, the
Y-axis direction, and the Z-axis direction. In this embodi-
ment, the table 28 1s moved 1n a direction along the X-axis as
shown by the arrow 1n the FIG. 2, whereby the substrate P
conveyed by the belt conveyor BC1 1s mounted on the table 28
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and 1s brought into the film-forming solution applicator
(droplet discharge apparatus) 6.

A tank 30 for storing the film-forming solution, which 1s
the material that 1s discharged from the nozzles formed in the
nozzle surface 26, 1s connected to the inkjet head 22. Specifi-
cally, the tank 30 and the inkjet head 22 are connected by a
discharge material conveying tube 32 for conveying the mate-
rial to be discharged. Also, the discharge material conveying
tube 32 includes a head bubble removal valve 326 and a
discharge material channel grounding joint 32a, which pre-
venting electrical charges within the discharge material con-
veying tube 32. This head bubble removal valve 3256 1s used
when the discharge material in the inkjet head 22 1s suctioned
out by a suction cap 40. Specifically, when the discharge
material 1n the inkjet head 22 1s suctioned out by the suction
cap 40, the head bubble removal valve 325 1s closed to ensure
that additional discharge material does not flow 1n from the
tank 30. When suction 1s applied with the suction cap 40, the
flow rate of the suctioned discharge material increases, and
the air bubbles 1n the 1nkjet head 22 are expelled quickly as a
result.

The film-forming solution applicator 6 also includes a lig-
uid level control sensor 36 for controlling the amount of
discharge material stored in the tank 30, 1n other words the
liquid level 34a of the film-forming solution stored in the tank
30. The liquid level control sensor 36 controls the difference
h 1n height between the distal end 264 of the nozzle surface 26
of the inkjet head 22 and the liquid level 34q 1n the tank 30, so
that the difference 1s kept within a predetermmed range. In
this manner, the discharge material 34 1n the tank 30 can be
fed to the 1nkjet head 22 at a pressure that 1s within a prede-
termined range, by controlling the height of the liquid level
34a. The discharge material 34 1s discharged from the inkjet
head 22 1n a stable manner by feeding the discharge material
34 at a pressure that 1s within a predetermined range.

The suction cap 40 for suctioning out the discharge mate-
rial from the nozzles of the inkjet head 22 is disposed at a
predetermined distance from the nozzle surface 26 of the
inkjet head 22. This suction cap 40 1s capable of moving along
the Z axis shown by the arrow 1 FIG. 2, and being brought
into close attachment with the nozzle surface 26 so as to
enclose the plurality of nozzles formed on the nozzle surface
26, such that a hermetic space 1s formed between the cap 40
and the nozzle surface 26 and that the nozzles can be blocked
off from the outside air. This suctioning out of the discharge
material from the nozzles of the inkjet head 22 1s carried out
by the suction cap 40 when the inkjet head 22 1s not discharg-
ing the discharge material 34; for example, when the inkjet
head 22 retracts to aretracted position and the table 28 retracts
to the position shown by the dashed line.

A channel 1s provided below the suction cap 40. A suction
valve 42, a suction pressure detection sensor 44 for detecting
suction abnormalities, and a suction pump 46 made from a
tube pump or the like are disposed 1n the channel. The dis-
charge maternial 34 that 1s suctioned out by the suction pump
46 and 1s conveyed through the channel 1s stored 1n a waste
liquid tank 48.

The treatments performed on the substrate P 1n the film-
forming line 2 will now be described with reference to the
flow chart 1n FIG. 4. First, a surface-improving treatment 1s
conducted on the substrate P 1n the surface-improving treat-
ment device 4 (step S1). Specifically, the substrate P con-
veyed by the belt conveyor BC1 1s brought mto the surface-
improving treatment device 4, and 1s subjected to a treatment
such as a lyophilic treatment that improves the wet expan-
s1ons of the film-forming solution on the surface of the sub-
strate P. If, for example, a corona generator 1s used as the
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surface-improving treatment device 4, the substrate P 1s sub-
jected to an atmospheric-pressure plasma treatment (lyo-
philic treatment) as the substrate P passes through the corona
generator 1n which corona discharge takes place. Also, the
wettability of the substrate P may be improved by using an
apparatus that creates ozone with ultraviolet rays (UV) as the
surface-improving treatment device 4, and conducting a UV
ozone treatment. The corona generator, plasma treatment,
and UV ozone treatment are known technologies 1n the art.
Therefore, detailed explanations thereof will be omitted
herein.

The substrate P that has undergone a surface-improving,
treatment 1n the surface-improving treatment device 4 1s
stored 1n a cassette 20 that has a timer, and 1s conveyed to the
time controller 14 by the belt conveyor BC1 (step S3). The
timer of the cassette 20 1s started at the same time the substrate
P 1s stored 1n the cassette 20 (step S2). As discussed above, the
wettability of the substrate P that has been subjected to the
surface-improving treatment such as an atmospheric-pres-
sure plasma treatment or other lyophilic treatment decreases
over time. Therefore, after the surface-improving treatment 1s
conducted 1n the surface-improving treatment device 4, the
substrate subjected to the surface-improving treatment must
be conveyed to the film-forming solution applicator 6 while
suificient wettability 1s maintained on the surface of the sub-
strate to apply the film-forming solution and form a coating
film. The timer installed 1n the cassette 20 measures the time
that has elapsed since the surface-improving treatment has
been conducted. If a plurality of substrates, for example five
substrates, are stored 1n one cassette 20, the timer 1s started the
moment the first substrate 1s stored, and the time period
measured by the timer 1s the same for all of the five substrates
in the cassette 20.

FI1G. 3 1s a diagram showing the change 1n the contact angle
over time 1n the substrate subjected to atmospheric-pressure
plasma treatment. FIG. 3 shows the value of the contact angle
at different elapsed times (in minutes) after the surface
improving treatment 1s conducted, which shows a change 1n
the wettability of the substrate P after the substrate P 1s sub-
jected to the atmospheric-pressure plasma treatment. FIG. 3
also shows whether streaking has occurred at each contact
angle of the substrate. A change in the wettability of the
surface 1s 1ndicated by the value of the contact angle; the
smaller the contact angle 1s, the greater the wettability 1s.
Also, the occurrence of streaking at a certain contact angle of
the substrate indicates whether the film-forming solution can
be uniformly applied. Specifically, as shown in FIG. 3, the
symbol “O” in the streaking column indicates uniform wet
expansion in the applied film-forming solution, and the sym-
bol “A” indicates the presence of portions where the wet
expansion of the film-forming solution 1s non-uniform. The
symbol “x” 1n the streaking column indicates that the wet
expansion of the applied film-forming solution 1s non-uni-
form. The occurrence of streaking for each contact angle 1s
confirmed by conducting experimentations 1n advance with
the film-forming line 2.

It 1s clear 1n FIG. 3 that wettability suificient to form a film
1s maintained if less than 30 minutes have passed since the
atmospheric-pressure plasma treatment was conducted as the
surface-improving treatment. Therefore, “30 minutes” 1s
stored as the allowable film-forming treatment time criterion
in the time controller 14 in advance. If the substrate 1s con-
veyed to the film-forming solution applicator 6 within 30
minutes aiter the surface-improving treatment device 4 con-
ducts the surface-improving treatment, a film-forming solu-
tion can be coated on the substrate that has sullicient wetta-
bility. Therefore, 30 minutes 1s the time within which
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suificient wettability to apply the film-forming solution can
be maintained, and 1s set 1n the time controller 14 as the period
within which a film-forming treatment should be performed.

The allowable film-forming treatment time of 30 minutes
shown 1n FIG. 3 pertains to the change in wettability for a case
in which the atmospheric-pressure plasma treatment 1s con-
ducted as the surface-improving treatment. However, 1f
another treatment 1s conducted as the surface-improving
treatment, then the allowable film-forming treatment time
corresponding to this treatment may differ. For example, 1f
UV ozone treatment 1s conducted as the surface-improving
treatment, 1t 1s known that the contact angle increases and the
occurrence of streaking becomes more likely within one
minute after the treatment. Therefore, when UV ozone treat-
ment 1s conducted, a time o1 45 seconds, for example, 1s set as

the allowable film-forming treatment time.

Next, 1n the time controller 14, a process 1s performed to
obtain the time period data from the timer (step S4) and
determine whether the allowable film-forming treatment time
has elapsed (step SS) based on the time period data from the
timer installed in the cassette 20 that stores the substrate P
subjected to the surface-improving treatment. For example,
the time controller 14 receives the time shown by the timer
and determines whether this received time exceeds the allow-
able film-forming treatment time stored in the time controller
14. When 30 minutes 1s set as the allowable film-forming,
treatment time, for example, it 1s determined that the allow-
able film-forming treatment time has not been exceeded 1f the
timer indicates a time period of shorter than 30 minutes. If the
timer indicates a time period of 30 minutes or longer, 1t 1s
determined that the allowable film-forming treatment time
has been exceeded.

When the time controller 14 determines that the allowable
film-forming treatment time has elapsed for a substrate P, the
time controller 14 sends a signal to the control apparatus 10
indicating the determination result. The control apparatus 10
then sends a control signal to the drive apparatus 12, which
then drives the belt conveyor BC2 1n response to the control
signal from the control apparatus 10. Then, the cassette 20
storing the substrate P 1s conveyed back from the time con-
troller 14 to the surface-improving treatment device 4 by the
belt conveyor BC2 (step S8). The surface-improving treat-
ment device 4 takes 1n the substrate P conveyed by the belt
conveyor BC2. The substrate P 1s subjected to the surface-
improving treatment again. The substrate P thus treated 1s
then stored 1n the cassette 20 having the timer, and transierred
to the belt conveyor BC1.

Although 1t 1s the time controller 14 that determines
whether the allowable film-forming treatment time has
clapsed 1n the description above, the film-forming line of the
present invention can also be configured such that the control
apparatus 10 makes the determination. In this case, when a
cassette 20 with a substrate stored therein reaches the time
controller 14, the time controller 14 stops the timer on the
cassette 20, and reads out the time period data from the timer.
The time controller 14 then sends the time period data to the
control apparatus 10, which then compares the time period
data with the allowable film-forming treatment time criterion
stored therein and determines whether the measured time
period 1s longer than the allowable film-forming treatment
time. If the time period obtained by the time controller 14 1s
longer than the allowable film-forming treatment time, the
control apparatus 10 sends a control signal to the drive appa-
ratus 12, which then drives the belt conveyor BC2 to convey
the cassette 20 with the substrate stored therein back to the
surface improving treatment device 4.
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When the time indicated by the time controller 14 1s shorter
than the allowable film-forming treatment time, the cassette
20 having the timer with the substrate P stored therein is
conveyed from the time controller 14 to the film-forming
solution applicator 6 further by the belt conveyor BC1. Alter-
natively, the substrate P may be taken out of the cassette 20 in
the time controller 14 before being conveyed to the film-
forming solution applicator 6 by the belt conveyor BC1.
Hereinbelow, an example 1s described 1n which only the sub-
strate P 1s conveyed from the time controller 14 to the film-
forming solution applicator 6 by the belt conveyor BC1.

In the film-forming solution applicator 6, a film forming
solution, such as an orientation film ink for forming an ori-
entation film 1n a liqud crystal display device, 1s applied to
the substrate P (step S6). Specifically, the substrate P con-
veyed to the film-forming solution applicator 6 by the belt
conveyor BC1 1s mounted on the table 28 and brought into the
film-forming solution applicator 6. In the film-forming solu-
tion applicator 6, the film-forming solution, such as a film-
forming solution for forming an orientation film (orientation
film 1nk), 1s stored in the tank 30 and discharged onto the
surface of the substrate P from nozzles formed 1n the nozzle
surface 26. In this manner, the substrate P 1s coated with the
ink for orientation films. A solid polyimide dissolved 1n y-bu-
tyl lactone or another such solvent, for example, can be used
as the ink for orientation films. The substrate P coated with the
ink for orientation films 1s then conveyed to the dryer 8 by the
belt conveyor BC1.

Next, in the dryer 8, a treatment for drying the film-forming
solution applied to the surface of the substrate P 1s conducted
(step S7). Vacuum drying 1s performed as the drying treat-
ment by using a vacuum dryer as the dryer 8, for example.
Also, any other drying apparatus, such as the one that dries the
f1lm-forming solution with hot air, can be used as the dryer 8,
as may be suitable for the type of film being formed. When,
for example, an orientation film 1s being formed, baking is
turther performed 1n a baking apparatus (not shown in Fig-
ures) after the drying treatment 1s performed by the dryer 8.
Thereatter, a rubbing apparatus (not shown) further performs
rubbing, that 1s, a treatment of sculling with a cloth or the like,
on the dried film.

With the film-forming apparatus according to the embodi-
ment of the present invention, the time that has elapsed after
the surface-improving treatment 1s conducted 1n the surface-
improving treatment device 1s monitored. Specifically, it 1s
possible to monitor, based on the conveying time, the change
in the wettability over time on the substrate that has been
subjected to, for example, alyophilic treatment as the surface-
improving treatment. Therefore, 1t 1s possible to ensure that
the film-forming solution 1s applied while appropriate wetta-
bility 1s maintained. Therefore, a film having a substantially
uniform thickness can be formed on the substrate with high
precision.

With the film-forming apparatus according to the embodi-
ment of the present invention, only a substrate that has been
subjected to the surface improving treatment within a prede-
termined time period (allowable film-forming treatment
time) 1s conveyed to the film-forming solution applicator.
Theretfore, when, for example, an accident occurs while the
substrate 1s conveyed and the operation of the film-forming
line 1s halted, a substrate for which a time period longer than
the allowable film-forming treatment time has elapsed since it
has been subjected to the surface improving treatment can be
prevented from being conveyed to the film-forming solution
applicator. Therefore, a film with a substantially umiform
thickness can be formed on the substrate even when accidents
or the like occur.
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With the film-forming apparatus according to the embodi-
ment of the present ivention, only a substrate of which the
allowable film-forming treatment time has not elapsed 1s con-
veyed to the film-forming solution applicator 6 to be coated
with the solution for forming the film. As a result, the film-
forming solution can be applied to a substrate having suifi-
cient wettability to form a uniform film. Therefore, when, for
example, a liquid crystal display device 1s to be created, an
orientation film having a substantially uniform thickness can
be formed on the substrate 1n a stable manner. Thus, occur-
rence ol unsatisiactory displays can be reduced.

In the film-forming apparatus according to the embodi-
ment described above, a substrate subjected to the surface-
improving treatment 1s conveyed to the film-forming solution
applicator within the allowable film-forming treatment time.
However, the present invention i1s not limited to such con-
struction. It 1s also possible to allow only a substrate for which
a predetermined time has passed after the surface-improving
treatment has been conducted to be conveyed to the film-
forming solution applicator.

In particular, there are cases where the contact angle of the
substrate becomes too small as a result of the surface-improv-
ing treatment. For example, when the contact angle 1s less
than 1 degree, the substrate becomes too wet, and 1t 1s difficult
to adjust the film thickness. It 1s particularly difficult to apply
a specific amount of the film-forming solution to a specific
location because the applied film-forming solution tends to
expand too much. This results 1n problems with the film-
forming solution spreading to the reverse side of the substrate,
for example. Therefore, 1t 1s better to allow only a substrate
for which a specific time has passed after the surface-improv-
ing treatment and which has a contact angle within a specific
range to be conveyed to the film-forming solution applicator
6. In this manner, it 1s possible to ensure that the film thickness
and the coated area can be reliably adjusted.

As used herein, the following directional terms “forward,
rearward, above, downward, vertical, horizontal, below and
transverse” as well as any other similar directional terms refer
to those directions of a device equipped with the present
invention. Accordingly, these terms, as utilized to describe the
present ivention should be interpreted relative to a device
equipped with the present invention.

The term “configured” as used herein to describe a com-
ponent, section or part of a device includes hardware and/or
software that 1s constructed and/or programmed to carry out
the desired function.

Moreover, terms that are expressed as “means-plus func-
tion” 1n the claims should include any structure that can be
utilized to carry out the function of that part of the present
invention.

The terms of degree such as “substantially”, “about™ and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result 1s not
significantly changed. For example, these terms can be con-
strued as including a deviation of at least 5% of the modified
term 1f this deviation would not negate the meaning of the
word 1t modifies.

This application claims priority to Japanese Patent Appli-
cation No. 2004-341393. The entire disclosure of Japanese
Patent Application No. 2004-341593 1s hereby incorporated
herein by reference.

While only selected embodiments have been chosen to
illustrate the present ivention, 1t will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
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according to the present mvention are provided for 1llustra-
tion only, and not for the purpose of limiting the mvention as
defined by the appended claims and their equivalents. Thus,
the scope of the invention 1s not limited to the disclosed
embodiments.

What 1s claimed 1s:
1. A film-forming method of forming a film on a substrate,

comprising:

determining an allowable film-forming treatment time
depending on a type of a surface-improving treatment
based on a contact angle between the substrate and a
film-forming solution with respect to an elapsed time
alter the surface-improving treatment 1s performed on
the substrate so that the contact angle 1s maintained to be
equal to or smaller than a prescribed angle after the
surface-improving treatment 1s performed on the sub-
strate;

setting a predetermined amount of time corresponding to
the allowable film-forming treatment time 1n a time con-
troller:;

performing the surface-improving treatment on the sub-
strate by a surface-improving treatment device;

conveying the substrate from the surface-improving treat-
ment device to the time controller after the performing of
the surface-improving treatment;

determining in the time controller whether the predeter-
mined amount of time has passed since the surface-
improving treatment has been performed on the sub-
strate; and one of

conveying the substrate from the time controller to a film-
forming solution applicator and applying the film-form-
ing solution to the substrate by the film-forming solution
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applicator whenever it 1s determined 1n the time control-
ler that the predetermined amount of time has not
passed, and

conveying the substrate from the time controller to the
surface-improving treatment device and repeating the
surface-improving treatment on the substrate whenever
it 1s determined in the time controller that the predeter-
mined amount of time has passed.

2. The film-forming method according to claim 1, wherein

cach of the performing of the surface-improving treatment
and the repeating of the surface-improving treatment
includes a step 1n which the substrate 1s subjected to
lyophilic treatment.

3. The film-forming method according to claim 1, further

comprising

preventing the substrate from being conveyed to the film-
forming solution applicator when 1t 1s determined that
the predetermined amount of time has passed.

4. The film-forming method according to claim 1, wherein

the applying of the film-forming solution to the substrate
includes applying the film-forming solution with an k-
jet droplet ejection apparatus.

5. The film-forming method according to claim 1, further

comprising;

starting a timer for the substrate after the surface-improv-
ing treatment 1s performed on the substrate; and

obtaining a time period since the time the timer 1s started 1n
the time controller,

wherein

the determining of whether the predetermined amount of
time has passed includes comparing the time period
since the time the timer 1s started with the predetermined
amount of time.
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